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Summary Abnormal hypothalamic-pituitary-adrenal (HPA) axis function, as indexed by ele-
vated diurnal cortisol levels and/or a blunted cortisol awakening response (CAR), has been
observed among patients with first episode psychosis and associated with neurocognitive deficits
in this population. However, the extent to which these features precede illness onset is unclear.
The current study aimed to determine whether children who are at putatively elevated risk for
psychosis because they present multiple antecedents of schizophrenia (ASz), and high-risk
children with a family history of illness (FHx), are characterized by abnormal cortisol levels
when compared with their typically developing (TD) peers. A further aim was to investigate the
extent to which cortisol levels are associated with psychosocial stress and neurocognitive
function. Thirty-three ASz children, 22 FHx children, and 40 TD children were identified
at age 9—12 years using a novel community-based screening procedure or as relatives of
individuals with schizophrenia. All participants were antipsychotic-naive and not currently
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seeking treatment for their symptoms. At age 11—14 years, participants provided salivary cortisol
samples and completed psychosocial stress measures and tests of memory and executive function.
Results indicated that FHx children, but not ASz children, were characterized by a blunted CAR
relative to their TD peers (effect size = 0.73, p = 0.01) that was not explained by psychosocial stress
exposure or by distress relating to these experiences. Neither FHx nor ASz children were character-
ized by elevated diurnal cortisol. Among both FHx and ASz children, more pronounced HPA axis
function abnormalities (i.e., higher diurnal cortisol levels and greater blunting of the CAR) were
associated with poorer performance on tests of verbal memory and executive function. These
findings support the notion that at least some HPA axis abnormalities described in psychosis precede
illness onset, rather than being a subsequent epiphenomenon. We speculate that the blunted CAR
may constitute an early (potentially genetically mediated) marker of psychosis vulnerability, whilst
elevated diurnal cortisol levels may emerge only proximally to disease onset.
# 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
2 A.E. Cullen et al.1 Schizotypal (personality) disorder is classified as a schizophrenia
spectrum disorder in both the Fifth Edition of the Diagnostic and
Statistical Manual of Mental Disorders (American Psychiatric Associ-
ation, 2013) and the International Classification of Disorders Version
10 (World Health Organization, 1992).1. Introduction
The neural diathesis-stress model of schizophrenia (Walker
and Diforio, 1997; Walker et al., 2008) posits that psychoso-
cial stress may act via the hypothalamic-pituitary-adrenal
(HPA) axis (the primary system involved in coordinating the
physiological response to stress) to trigger psychosis onset
among individuals with an underlying vulnerability for the
disorder. Abnormal HPA axis function, as indexed by elevated
diurnal cortisol levels and/or a blunted cortisol awakening
response (CAR), has been observed in individuals who have
recently experienced their first psychotic episode (Borges
et al., 2013). Additionally, elevated cortisol levels among
first episode patients have been associated with reduced
hippocampal volume (Mondelli et al., 2010b), and greater
blunting of the CAR with more pronounced deficits in verbal
memory and processing speed (Aas et al., 2011). However,
the extent to which abnormal HPA axis function precedes the
onset of psychosis is currently unclear. Whilst these studies
suggest that the first psychotic episode is characterized by
HPA axis dysfunction and that this may be associated with
some of the neuroanatomical abnormalities and cognitive
deficits observed in psychosis patients, it is possible that
these HPA axis abnormalities may simply be a consequence of
the stress associated with illness onset.
The study of individuals at elevated risk for schizophrenia
provides the opportunity to directly test the assumptions of
the neural diathesis-stress model (Walker and Diforio, 1997;
Walker et al., 2008) and thus determine whether vulnerabil-
ity for schizophrenia is associated with HPA axis dysfunction.
Traditionally, high-risk approaches have focused on indivi-
duals with a family history of illness. Studies comparing young
adult relatives of patients with psychosis to healthy controls
have yielded inconsistent findings, perhaps due to methodo-
logical differences. A study examining salivary cortisol at
random time-points throughout the day (values averaged)
reported elevated cortisol among relatives (Collip et al.,
2011), whilst two studies measuring fasting plasma cortisol
at a single time-point did not (Brunelin et al., 2008; Yang
et al., 2012). A more recent strategy focuses on youth
considered at ultra high-risk (UHR) for psychosis whose clin-
ical features (typically, attenuated psychotic symptoms)
indicate that they may be in the prodromal phase of illness.
Higher salivary cortisol levels (obtained at a single time-
point in the morning) have been reported among UHR youthrelative to healthy controls, with more pronounced effects
among those who were medication-free (Sugranyes et al.,
2012). Elevated cortisol levels in UHR youth were similarly
observed in a study which examined salivary cortisol obtained
at three time-points throughout the morning (values aver-
aged) (Walker et al., 2013). Using a similar sampling protocol,
work by Walker and colleagues also indicates that adoles-
cents with schizotypal personality disorder (SPD), who are at
greater risk for psychosis on account of their diagnosis,
exhibit higher daytime salivary cortisol levels (Walker
et al., 2001; Mittal et al., 2007). Thus, elevated salivary
cortisol during the day has been consistently observed among
youth whose clinical features designate them as being at
elevated risk for psychosis. However, none of these studies
obtained the multiple samples distributed throughout the
day that are required for the examination of diurnal patterns
of cortisol secretion (which may be a more reliable marker of
HPA axis function given that cortisol levels vary substantially
through the day). Furthermore, as no study of high-risk youth
has yet examined the CAR, it remains unclear whether the
blunted CAR observed among individuals with first episode
psychosis also characterizes these youth.
Whilst studies of UHR youth suggest that HPA axis dysfunc-
tion precedes the onset of psychosis, these youth are, by
definition, already sufficiently distressed as to seek treatment
for their symptoms. Thus, elevations in cortisol might feasibly
be due to distress relating to emerging illness, as opposed to
external psychosocial stressors. Indeed, only one study of UHR
youth has examined the association between psychosocial
stress exposure and HPA axis dysfunction (Thompson et al.,
2007). In this study, higher plasma cortisol levels obtained at a
single time-point in the morning were correlated with the
number of minor hassles but not with the number of major life
events experienced during the past month. Studies of youth
with SPD, although not typically confounded by help-seeking
behaviour, are limited by the fact that these individuals already
present with symptoms of sufficient severity as to meet
diagnostic criteria for a schizophrenia spectrum disorder.1
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younger samples of high-risk individuals, who are not yet
sufficiently distressed as to seek help for their symptoms, will
help to determine the extent to which HPA axis dysfunction
increases the risk for psychosis. Furthermore, given that neu-
rocognitive deficits have been consistently identified among
individuals at elevated risk for psychosis (Fusar-Poli et al.,
2012; Agnew-Blais and Seidman, 2013), it is important to
establish whether these deficits are associated with HPA axis
dysfunction.
We have developed a novel community screening method
for identifying children who may be at elevated risk for
psychosis because they present with a triad of antecedents
of schizophrenia (ASz), defined as (i) a speech and/or motor
delay or abnormality, (ii) a social, emotional, and/or beha-
vioural problem, and (iii) a psychotic-like experience (Lau-
rens et al., 2007). We have previously demonstrated that,
relative to their typically developing (TD) peers, ASz chil-
dren, as well as children with a family history of schizophre-
nia (FHx), are more frequently exposed to psychosocial
stressors and more distressed by these experiences (Cullen
et al., 2014), and that both groups show poorer neurocogni-
tive function (Cullen et al., 2010; Dickson et al., 2014). The
current study aimed to determine whether ASz and FHx
children are also characterized by abnormal HPA axis function
(elevated diurnal cortisol and/or a blunted CAR) relative to
TD children. A further aim was to investigate whether among
ASz and FHx children, HPA axis function is associated with
experiences of psychosocial stress and performance on tasks
of memory and executive function.
2. Methods
2.1. Recruitment of children presenting
antecedents and typically developing children
ASz and TD children were recruited using a community-based
screening procedure (Laurens et al., 2007, 2011). In brief,
questionnaires assessing a triad of well-replicated antecedents
of schizophrenia were completed independently by children
aged 9—12 years at school and by their caregivers at home. The
caregiver questionnaire included nine items (three quantita-
tive and six qualitative) assessing delays or abnormalities in
speech and/or motor development (Laurens et al., 2007).
Social, emotional, and behavioural problems were defined
as a score in the clinical range on at least one of the four
Strengths and Difficulties Questionnaire [SDQ (Goodman,
2001)] psychopathology scales: emotional symptoms (child-
reported), conduct problems, hyperactivity-inattention, or
peer relationship problems (caregiver-reported). The child
questionnaire also included a measure of psychotic-like
experiences (PLEs) (Laurens et al., 2012), assessing nine delu-
sion- and hallucination-like experiences, each rated on a
three-point scale (0 = not true, 1 = somewhat true, 2 = cer-
tainly true; a score of 2 on any of the nine items indicated a
positive rating). Children presenting each of the three ante-
cedents were eligible for the ASz group. The TD group com-
prised children who presented none of the antecedents and
who had no first-, second-, or third-degree relatives with a
schizophrenia spectrum disorder, as confirmed subsequently
with the child’s caregiver via the Family Interview forGenetic Studies [FIGS (Maxwell, 1992)]. Screening question-
naires were completed by 1343 children and their caregivers;
of these, 9.4% presented the ASz triad and 22.9% of children
presented none of the antecedents. Of the 150 children eli-
gible for the ASz or TD group who were subsequently invited to
participate in a longitudinal study of child development, 41% of
ASz and 42% of TD families declined participation, respec-
tively; these rates are consistent with other studies recruiting
children via schools in this region (Mackie et al., 2011; Stateva
et al., 2012). Relative to the ASz and TD children who declined
participation, ASz and TD children who participated in the
study did not differ on age, gender, or ethnicity. Among ASz
participants, the prevalence of the triad components did not
differ significantly, with the exception that ASz participants
were less likely to score in the ‘abnormal’ range on the SDQ
emotional symptoms scale than ASz children who did not
participate ( p = 0.01).
2.2. Recruitment of children with a family
history of schizophrenia
Children with a family history of schizophrenia or schizoaf-
fective disorder (FHx) were identified via the caregiver
screening questionnaire, which included items assessing
child and family mental health difficulties. Additionally,
medical records of mental health service users within the
South London and Maudsley National Health Service (NHS)
Foundation Trust were reviewed to identify patients with a
diagnosis of schizophrenia or schizoaffective disorder who
had a child relative aged between 9 and 12 years. Identified
families were approached following liaison with the patient’s
care worker. All FHx children (identified either via medical
records or via community screening) had at least one first- or
second-degree relative with schizophrenia or schizoaffective
disorder, as confirmed by the FIGS. Of the 1020 children for
whom family history information on screening questionnaires
was available, 3.4% were reported to have a family history of
schizophrenia. A further 36 children who met criteria for the
FHx group (i.e., had a family history of schizophrenia, fell
within the appropriate age range, and for whom there were
viable contact details) were identified via medical records. In
total, 40% of FHx families declined to participate in the
longitudinal study after initial contact.
2.3. Current sample and procedure
Caregivers and children provided written informed consent
and assent, respectively, for participation. Ethical permis-
sion for the study was granted by the Joint South London and
Maudsley and the Institute of Psychiatry NHS Research Ethics
Committee.
The current study examines cross-sectional data collected
at a follow-up assessment completed when participants were
aged between 11 and 14 years, on average 33 months after
initial identification. Children completed a saliva collection
protocol and assessments of psychosocial stress and neuro-
cognitive function described in detail below. Caregivers pro-
vided information on ethnicity (determined during the FIGS
interview) and parental occupation status [coded according
to the UK National Statistics Socio-economic Classification
(Office for National Statistics, 2010)]. Children self-reported
4 A.E. Cullen et al.substance use via questionnaire (McVie and Bradshaw, 2005),
with regular tobacco use defined as having smoked at least
once a week and regular cannabis use defined by use on at
least four occasions. Pubertal status was assessed using the
self-report Pubertal Developmental Scale (Carskadon and
Acebo, 1993), with higher scores indicating more advanced
pubertal development. Height and weight were collected by
the researcher at the assessment session and used to com-
pute Body Mass Index (BMI; kg/m2). Consistent with previous
studies conducted in Northern Europe (Vreeburg et al.,
2009), sampling month was categorized into light (March—
September) and dark months (October—February).
Of the 111 children recruited via questionnaire screening
and/or case record review to the longitudinal study, 91 (82%)
provided salivary cortisol data at the follow-up assessment at
age 11—14 years: 29 met ASz criteria only, 18 met FHx criteria
only, 4 met both ASz and FHx criteria, and 40 children met TD
criteria. In order to most accurately reflect the ASz and FHx
populations from which the participants were sampled, the
four ASz + FHx cases were retained in both groups; ASz and
FHx groups were therefore analyzed relative to the TD group
only and not relative to each other. FHx children, but not ASz
children, were significantly less likely than TD children to
provide salivary cortisol data at the follow-up assessment
( p = 0.05). Within-group analyses indicated that children
who provided salivary cortisol data did not differ from those
who did not provide cortisol data on any of the four SDQ
psychopathology scales or on total PLE scores at screening
( p > 0.05). Sample characteristics are provided in Table 1;
there were no significant between-group differences (i.e.,
FHx vs. TD, or ASz vs. TD) in age, pubertal status, lapse of
time between identification and cortisol assessment, BMI,
tobacco use, awakening time, or sampling month ( p > 0.05).
None of the participants reported regular cannabis use. ASz
children were significantly more likely to be male compared
to TD children ( p = 0.02). Relative to the TD group, both the
FHx and ASz group were found to differ on ethnicity
( p  0.05) and socioeconomic status ( p  0.01).
2.4. Salivary cortisol assessment
Participants were provided with a verbal explanation and
written instructions for collecting saliva samples at home (at
the weekend or during the school holidays) using the passive
drool procedure (http://www.salimetrics.com). Further
details of our analysis protocol have been described pre-
viously (Belvederi Murri et al., 2012). In brief, six saliva
samples were collected throughout the day on two consecu-
tive days: at awakening, and at 15, 30, and 60 min after
awakening, at 1200 h, and 2000 h. Participants were
instructed to wake before 1000 h and collect the first sample
immediately upon awakening, to avoid food consumption for
30 min prior to sample collection, and to refrain from stren-
uous exercise during the day. Samples were stored in the
participant’s home freezer until collection and subsequently
frozen at 20 8C at the laboratory. After thawing and cen-
trifugation at 3000 rpm for 15 min, cortisol levels were
determined using the Salimetrics High Sensitivity Salivary
Cortisol ELISA KIT (Salimetrics, Suffolk, UK), according to the
recommended procedure. The analytical sensitivity was set
to 0.33 nmol/l. Inter- and intra-assay coefficients ranged
from 8% to 11% and 6% to 10%, respectively, which areconsistent with values reported in other studies of high-risk
youth (Collip et al., 2011; Walker et al., 2013).
Cortisol data were summarized using two Area Under the
Curve (AUC) computations (Pruessner et al., 2003): (i) AUC
with respect to the increase in cortisol levels following awa-
kening (AUCi-CAR: calculated using values for awakening, and
15, 30, and 60 min after awakening), and (ii) AUC with respect
to ground of cortisol levels during the day (AUCg-DAY: calcu-
lated using values for awakening, 1200 h, and 2000 h). Cortisol
values were significantly correlated across testing days
( p < 0.001 for each time-point); thus, cortisol data obtained
on the first sampling day only were used for AUC computations,
except when day 1 data were missing or when participants
demonstrated better compliance with the sampling protocol
on the second day (e.g., if participants reported waking after
1000 h on day 1 but not day 2).
2.5. Psychosocial stress
Participants completed two psychosocial stress measures
within 1 month of collecting salivary cortisol samples (mean
lapse of time between saliva collection and psychosocial
stress measure completion was 3.2 days). As described
previously (Cullen et al., 2014), an eight-item self-report
measure assessed exposure to a range of child-appropriate
negative life events (Heubeck and O’Sullivan, 1998), such as
parental separation/divorce, death of someone close, and
serious illness. This measure provided information on the
total number of negative life events ever experienced and
the average level of distress experienced in relation to each
event, both at the time of the event and currently (each
rated on a four-point scale, range: 0 ‘not at all’ to 3 ‘a lot’).
Specifically, distress ratings were summed and divided by the
total number of life events experienced to provide two
average distress scores (previous and current) reflecting
the average distress per event. Participants also completed
a 37-item questionnaire adapted from Heubeck and O’Sulli-
van (1998) to assess exposure to school-related daily hassles
(items spanned four domains: scholastic, peer, teacher, and
home). Participants rated on a four-point scale how fre-
quently they had experienced each hassle during the past
6 months (range: 0 ‘never’ to 3 ‘not at all’) and how dis-
tressed they were by this experience (range: 0 ‘not at all’ to 3
‘a lot’). Frequency ratings were summed to provide a total
daily hassle frequency score (reflecting the number of hassles
experienced and how often they occurred) and distress rat-
ings were summed and divided by the number of items
endorsed to derive an overall daily hassle distress score
(reflecting the average distress per item endorsed). The
internal consistency of these two scales was examined in
the total sample and found to be high (Cronbach’s a = 0.88
and 0.92, respectively).
2.6. Neurocognitive measures
Exploratory analyses were conducted to examine the extent to
which cortisol levels were associated with performance on
memory and executive function tasks; these domains were
examined due to their relationships with the hippocampus and
medial prefrontal cortex, respectively, which are known to
mediate HPA axis function (Herman et al., 2005). Participants
completed subtests from the Wide Range Assessment of
Table 1 Sample demographics, psychosocial stress, and neurocognitive performance indices for each participant group.
FHx (n = 22) ASz (n = 33) TD (n = 40) Statistical results
FHx vs. TD ASz vs. TD
Age (years); mean  SE 13.3  0.3 12.8  0.2 13.1  0.2 t = 0.50 p = 0.62 t = 1.18 p = 0.24
Pubertal development scale scorea; mean  SE 2.4  0.1 2.4  0.1 2.3  0.1 t = 0.19 p = 0.85 t = 0.07 p = 0.94
Sex (male); n (%) 11 (50) 23 (70) 17 (43) x2 = 0.32 p = 0.57 x2 = 5.40 p = 0.02
Ethnicity; n (%) FE = 17.46 p < 0.001 FE = 7.69 p = 0.05
White British 3 (14) 8 (24) 20 (50)
White other 2 (9) 8 (24) 11 (27)
Black Caribbean/African 8 (36) 4 (12) 3 (8)
Other 9 (41) 13 (40) 6 (15)
Socioeconomic status; n (%)a FE = 9.74 p = 0.006 FE = 13.44 p = 0.001
Higher managerial, administrative, and professional 11 (50) 14 (43) 33 (82)
Intermediate 5 (23) 12 (36) 6 (15)
Routine and manual 6 (27) 7 (21) 1 (3)
Tobacco use; n (%) 1 (5) 2 (6) 0 (0) FE p = 0.36 FE p = 0.20
BMI (kg/m2); mean  SE 19.7  0.7 20.4  0.6 19.8  0.5 t = 0.09 p = 0.93 t = 0.76 p = 0.45
Waking time; mean  SE 8:36  0:12 8:29  0:13 8:34  0:11 t = 0.11 p = 0.91 t = 0.27 p = 0.79
Lighter sampling month (March—September); n (%) 13 (59) 17 (52) 21 (53) x2 = 0.01 p = 0.93 x2 = 0.25 p = 0.62
Psychosocial stress measure; mean  SE (total)
Total number of negative life events 1.8  0.4 1.8  0.2 1.1  0.2 t = 1.83 p = 0.08 t = 2.77 p = 0.007
Distress at the time of negative life event 1.5  0.3 1.4  0.2 1.3  0.2 U = 398.5 p = 0.64 U = 596.5 p = 0.59
Current distress related to negative life event 0.9  0.2 0.9  0.2 0.6  0.1 U = 365.5 p = 0.32 U = 536.0 p = 0.20
Frequency of daily hassles 35.8  2.9 43.3  2.2 31.0  1.8 t = 1.48 p = 0.14 t = 4.33 p < 0.001
Distress related to daily hassles 1.1  0.1 1.3  0.1 0.9  0.1 t = 1.45 p = 0.15 t = 3.55 p = 0.001
Neurocognitive measures; mean  SE
WRAML2 — Number-letter 12.1  0.8 11.3  0.6 13.1  0.4 t = 1.17 p = 0.21 t = 2.68 p = 0.009
WRAML2 — Verbal memory 21.1  0.9 22.1  0.7 23.8  0.7 t = 2.31 p = 0.02 t = 1.60 p = 0.12
WRAML2 — Visual memory 17.0  1.1 16.3  0.8 18.1  0.6 t = 0.91 p = 0.37 t = 1.79 p = 0.08
WRAML2 — Verbal working memory 9.7  0.5 9.5  0.4 10.7  0.3 t = 1.64 p = 0.11 t = 2.32 p = 0.02
D-KEFS — Letter fluency 10.8  0.7 10.3  0.4 11.0  0.5 t = 0.18 p = 0.86 t = 0.93 p = 0.35
D-KEFS — Category fluency 12.0  0.6 12.6  0.6 12.8  0.5 t = 0.91 p = 0.37 t = 0.23 p = 0.82
D-KEFS — Category switching 10.6  0.7 9.7  0.5 12.0  0.5 t = 1.52 p = 0.13 t = 3.00 p = 0.004
D-KEFS — Inhibition 10.2  0.5 10.9  0.4 11.8  0.3 t = 2.71 p = 0.009 t = 1.52 p = 0.13
D-KEFS — Inhibition/switching 10.5  0.5 10.7  0.4 11.1  0.4 t = 1.07 p = 0.29 t = 0.86 p = 0.39
D-KEFS — Tower test 11.4  0.3 11.2  0.3 11.6  0.3 t = 0.34 p = 0.74 t = 0.78 p = 0.44
Notes. FHx: family history of schizophrenia; ASz: antecedents of schizophrenia; TD: typically developing. Groups are not mutually exclusive (four children meeting both FHx and ASz criteria are
retained in both risk groups). SE: standard error; BMI: body mass index; WRAML2: Wide Range Assessment of Memory and Learning 2nd Edition; D-KEFS: Delis—Kaplan Executive Function System;
FE: Fisher’s exact test.
a Socioeconomic status based on the caregiver with the highest occupational status. Missing data: BMI (n = 2); psychosocial stress (n = 1).
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6 A.E. Cullen et al.Memory and Learning 2nd Edition (Sheslow and Adams, 2003)
and the Delis—Kaplan Executive Function System (Delis et al.,
2001), described in Supplementary Table 1 (mean lapse of time
between saliva collection and neurocognitive assessment was
1.4 months). Standardized scores were derived for each
subtest using manual-reported population norms.
Supplementary material related to this article can be
found, in the online version, at http://dx.doi.org/
10.1016/j.psyneuen.2014.03.010.
2.7. Statistical analyses
Independent samples t-tests, Mann—Whitney U tests, chi-
squared tests, and Fisher’s exact tests were used to examine
group differences on demographic variables. As AUCi-CAR
and AUCg-DAY values were approximately normally distrib-
uted, linear regression analyses were conducted to examine
the effect of risk status on both AUC measures. Standardized
mean differences (d) were derived from unstandardized
regression coefficients (Lipsey and Wilson, 2001), with;
‘small’, ‘medium’, and ‘large’ effect sizes denoted by values
of 0.20, 0.50, and 0.80, respectively (Cohen, 1992). Within-
group correlation analyses were conducted to examine the
extent to which cortisol AUC values were associated with
psychosocial stress and neurocognitive performance (Pear-
son’s ‘r’ correlations were used for all analyses except for
those examining the negative life event distress variables
which were not normally distributed and were therefore
examined using Spearman’s rho ‘r’ correlations). Finally,
independent samples t-tests, one-way ANOVA’s, and correla-
tion analyses (Pearson’s ‘r’ and Spearman’s rho ‘r’ for nor-
mally and non-normally distributed variables, respectively)
were used to examine relationships between demographic
variables and cortisol AUC measures. Linear regression ana-
lyses examining the effect of risk status on AUCi-CAR and
AUCg-DAY values were repeated after adjusting for factors
found to be associated with AUC values. All analyses were
conducted using the Statistical Package for the Social
Sciences (SPSS) version 20.
3. Results
3.1. Group differences in the CAR and diurnal
cortisol
Mean AUCi-CAR values and cortisol values for the individual
time points (awakening, and 15, 30, and 60 min after awa-
kening) are presented by group in Table 2 and Fig. 1, respec-
tively. Relative to the TD group, AUCi-CAR values were
significantly lower in the FHx group (d = 0.73, p = 0.01),
reflecting a blunted CAR among FHx children. In contrast,
there was no significant effect of ASz status on AUCi-CAR
values (d = 0.19, p = 0.42). This is evident by the visual
inspection of the data in Fig. 1, which shows that FHx children
have a smaller increase in cortisol levels between awakening
and 15 min, and subsequently, a steeper decline in cortisol
levels between 15 and 30 min compared to the TD group,
whilst ASz children showed a similar pattern of post-awaken-
ing cortisol secretion as TD children. Post hoc tests within FHx
subgroups showed that the magnitude of differences
between FHx and TD children was twice as large among
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Figure 1 Mean cortisol levels ( standard error mean) at
awakening and 15, 30, and 60 min post-awakening in children
with a family history of schizophrenia (FHx), children presenting
antecedents of schizophrenia (ASz), and typically developing
children (TD).
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(d = 1.09, p = 0.005) compared to those with an affected
second-degree relative (d = 0.50, p = 0.14). AUCg-DAY
values are also shown in Table 2. There were no significant
group differences in cortisol levels during the day when
either the FHx or ASz group were compared to the TD group
( p  0.38). Post hoc tests performed on AUCg-DAY values
indicated that the magnitude of differences between FHx
and TD children was similar among FHx children with a first-
degree relative with schizophrenia and those with anTable 3 Correlations of cortisol with psychosocial stress and neu
Cortisol awakening res
FHx (n = 22) ASz (n 
Psychosocial stress
Total number of negative life events 0.21 0.03 
Negative life event distress — previous 0.51 * 0.16 
Negative life event distress — current 0.52 * 0.05 
Frequency of daily hassles 0.18 0.13 
Distress relating to daily hassles 0.17 0.16 
Neurocognitive performance
WRAML2 — Number-letter 0.29 0.19 
WRAML2 — Verbal memory 0.46 * 0.04 
WRAML2 — Visual memory 0.05 0.05 
WRAML2 — Verbal working memory 0.08 0.09 
D-KEFS — Letter fluency 0.23 0.41 *
D-KEFS — Category fluency 0.02 0.22 
D-KEFS — Category switching 0.22 0.14 
D-KEFS — Inhibition 0.27 0.16 
D-KEFS — Inhibition/switching 0.27 0.06 
D-KEFS — Tower test 0.18 0.22 
Notes. FHx: family history of schizophrenia; ASz: antecedents of schizop
— four ASz + FHx cases are included in both groups. AUCi-CAR: area un
response; AUCg-DAY: area under the curve with respect to ground for co
and Learning 2nd Edition; D-KEFS: Delis—Kaplan Executive Function Syst
those examining the negative life event distress variables, which were
* p  0.05,
** p  0.01.affected second-degree relative (d = 0.10 and 0.07, respec-
tively; p  0.05).
3.2. Associations between psychosocial stress
and cortisol
Consistent with our previous report in a larger, overlapping
sample (Cullen et al., 2014), relative to the TD group, ASz and
FHx children experienced a higher number of negative life
events than the TD group ( p = 0.007 and p = 0.08, respec-
tively) and ASz children also reported that they more fre-
quently experienced daily hassles and were more distressed
by these experiences ( p  0.001; Table 1). Within-group
correlation analyses were conducted to examine the rela-
tionship between psychosocial stress and cortisol (Table 3).
AUCi-CAR values were not significantly associated with the
total number of negative life events experienced in any of the
three groups ( p  0.10). However, among FHx children,
AUCi-CAR values were positively correlated with distress
experienced in relation to negative life events at the time
of the event (r = 0.51, p = 0.02) and with the level of distress
experienced currently (r = 0.52, p = 0.02); in contrast,
among TD children, AUCi-CAR values were negatively corre-
lated with distress experienced at the time of the negative
life event (r = 0.31, p = 0.05). These variables were not
significantly correlated in ASz children. AUCi-CAR values
were not associated with the frequency of daily hassles or
with distress relating to these experiences ( p  0.10). None
of the psychosocial stress measures were correlated with
AUCg-DAY values ( p  0.10).rocognitive performance.
ponse (AUCi-CAR) Diurnal cortisol (AUCg-DAY)
= 33) TD (n = 40) FHx (n = 20) ASz (n = 33) TD (n = 40)
0.03 0.04 0.09 0.27
0.31 * 0.06 0.30 0.11
0.27 0.05 0.12 0.20
0.12 0.00 0.10 0.18
0.00 0.16 0.26 0.20
0.22 0.62 ** 0.01 0.16
0.03 0.47 * 0.17 0.12
0.24 0.31 0.22 0.02
0.09 0.36 0.26 0.06
0.14 0.43 0.30 0.27
0.18 0.30 0.06 0.15
0.06 0.05 0.16 0.11
0.01 0.06 0.09 0.03
0.03 0.02 0.05 0.04
0.10 0.55 * 0.27 0.17
hrenia; TD: typically developing. Groups are not mutually exclusive
der the curve with respect to increase for the cortisol awakening
rtisol during the day; WRAML2: Wide Range Assessment of Memory
em. Pearson’s ‘r’ correlations were used for all analyses except for
 examined using Spearman’s rho ‘r’.
Figure 2 The relationship between verbal memory performance and the cortisol awakening response (AUCi-CAR) and diurnal cortisol
(AUCg-DAY) in children with a family history of schizophrenia (FHx: Panel A), children presenting antecedents of schizophrenia (ASz:
Panel B), and typically developing children (TD: Panel C).
8 A.E. Cullen et al.
Cortisol, stress, and cognition in children at-risk for schizophrenia 93.3. Associations between neurocognitive
function and cortisol
In line with our previous work examining neurocognitive
function in ASz and FHx children at age 9—12 years (Cullen
et al., 2010; Dickson et al., 2014), both ASz and FHx groups
showed poorer performance on neurocognitive tests at age
11—14 years compared to the TD group (Table 1). Specifically,
ASz children obtained significantly lower scores on the num-
ber-letter ( p = 0.009), verbal working memory ( p = 0.02),
and verbal fluency — category switching subtests ( p = 0.004),
whilst FHx children obtained lower scores on the verbal
memory index ( p = 0.02) and the colour-word interference
— inhibition subtest ( p = 0.009). Correlations between cor-
tisol AUC measures and neurocognitive performance are
presented in Table 3. AUCi-CAR values were positively cor-
related with letter fluency among ASz children (r = 0.41,
p = 0.02) and with verbal memory in the FHx group
(r = 0.46, p = 0.04), but were not significantly associated with
any neurocognitive measure in the TD group. In contrast,
among FHx children, AUCg-DAY values were negatively cor-
related with verbal memory (r = 0.47, p = 0.05) and scores
on the number-letter subtest (r = 0.62, p = 0.008) and
towers test (r = 0.55, p = 0.02). The contrasting relation-
ships between verbal memory and cortisol AUC values are
further illustrated in Fig. 2.
3.4. Demographic correlates of salivary cortisol
Neither AUCi-CAR nor AUCg-DAY values were significantly
associated with age, sex, ethnicity, pubertal status, tobacco
use, time of awakening, or sampling month ( p  0.1). How-
ever, there was a significant main effect of socioeconomic
status on AUCg-DAY values (F[2,82] = 6.31, p = 0.003); post
hoc tests indicated that children classed in the highest socio-
economic category (i.e., whose parents were employed in
higher managerial, administrative, and professional occupa-
tions) had significantly lower AUCg-DAY values relative to
children in the intermediate socioeconomic category
( p = 0.001). We therefore repeated the AUCg-DAY analyses
described above whilst adjusting for socioeconomic status,
but observed no change to the pattern of results (i.e., there
was still no significant effect of FHx or of ASz status on AUCg-
DAY values). Additionally, the results were unchanged after
excluding one participant from the ASz group who was being
treated with stimulant medications (i.e., ASz children did not
differ significantly to the TD group on either AUCi-CAR or
AUCg-DAY values).
4. Discussion
In the first study to examine the CAR in children at elevated
risk for psychosis, children with a family history of schizo-
phrenia, but not those presenting multiple antecedents of
schizophrenia, were characterized by a blunted CAR relative
to their typically developing peers. However, neither FHx nor
ASz children were characterized by elevated diurnal cortisol
relative to the TD group. The CAR was positively correlated
with distress relating to negative life events among FHx
children, but negatively correlated in the TD group. Further-
more, among FHx and ASz children, greater abnormality ofHPA axis function (that is, higher diurnal cortisol levels and a
more blunted CAR) was associated with poorer performance
on tests of verbal memory and executive function. These
results further support the notion that at least some HPA axis
changes precede illness onset, rather than being a subse-
quent epiphenomenon, and might participate in the devel-
opment of neurocognitive abnormalities.
Our finding that FHx children were characterized by a
blunted CAR relative to the TD group converges with two
recent studies which observed a blunted CAR in patients with
first episode psychosis compared to healthy controls (Mon-
delli et al., 2010a; Pruessner et al., 2013). The absence of a
blunted CAR among ASz children contrasts with our previous
work showing that ASz children present several neurobiolo-
gical features that characterize adults with schizophrenia,
including functional brain abnormality following commission
of behavioural errors (Laurens et al., 2010), structural brain
abnormalities encompassing the temporal lobe (Cullen et al.,
2013), and involuntary dyskinetic movement abnormalities
(Macmanus et al., 2012). One possible explanation is that the
blunted CAR reflects a genetically mediated effect (although
it is also possible that this effect may be driven by other
environmental factors not examined in this study). For exam-
ple, a study of individuals at increased risk for post-traumatic
stress disorder (PTSD) on account of having parents with the
disorder observed that offspring showed the same pattern of
HPA axis abnormalities as individuals with PTSD (i.e., lower
cortisol levels) even though they had not been exposed to
trauma themselves (Yehuda et al., 2000). The fact that the
effect of FHx status was twice as large among those with a
first-degree relative with schizophrenia as among those with
a second-degree relative is consistent with this hypothesis.
Furthermore, data from a twin study indicates that the CAR is
influenced by genetic factors whilst cortisol levels later in the
day are not (Wust et al., 2000). A recent review concluded
that elevated cortisol levels were more consistently observed
among UHR youth compared to individuals with a family
history of psychosis (Aiello et al., 2012), suggesting that
different mechanisms may contribute to distinct HPA axis
abnormalities. This ‘‘genetic model’’, however, does not
exclude the possibility of delivering psychosocial interven-
tions aimed at preventing the development of further HPA
axis abnormalities and reducing the risk of psychosis. For
example, success has recently been observed in a trial of a
novel school-based psychosocial intervention designed to
enable adolescents to deal more effectively with stress,
which led to a reduction in both cortisol levels and the risk
of depression at a 3-month follow-up (Lupien et al., 2013).
Neither FHx nor ASz children, however, were character-
ized by elevated diurnal cortisol levels, which contrasts with
previous observations among young adult relatives of
patients with psychosis (Collip et al., 2011), youth at UHR
(Sugranyes et al., 2012; Walker et al., 2013) and adolescents
with SPD (Walker et al., 2001; Mittal et al., 2007). This may
be due to our participants being younger (mean age: 13.1
years) than high-risk youth in previous studies (mean age
range: 14.1—28.5 years). Longitudinal studies indicate that
cortisol levels during the day increase during late childhood
and adolescence (Walker et al., 2001; Shirtcliff et al., 2012);
thus, the elevation in daytime cortisol levels observed in
high-risk youth relative to their healthy peers may not
emerge (or may not be detectable) until later in adolescence.
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psychosocial stress and cortisol among FHx and TD children;
specifically, distress relating to negative life events was
positively correlated with the CAR in the FHx group but
negatively correlated among TD children. Interestingly, a
dissociation in stress-cortisol relationships was observed in
a study of patients with first episode psychosis which
reported a negative correlation between diurnal cortisol
and the number of recent stressful events in the patient
group but a positive correlation among healthy controls
(Mondelli et al., 2010a). Few studies of high-risk youth have
measured psychosocial stress and cortisol concurrently. One
study of young adult siblings of patients with psychosis
observed that siblings showed an increase in cortisol after
experiencing negative events during the day, but that healthy
controls did not (Collip et al., 2011). Thus, one possible
explanation for the dissociation we observed is that psychosis
(and psychosis vulnerability) may influence the effect of
psychosocial stress on HPA axis function. This may relate
to how these stressful events are appraised. The degree to
which stressors are viewed as potentially controllable or
uncontrollable has been associated with higher and lower
morning cortisol levels, respectively (Miller et al., 2007).
Thus, it is possible that FHx children may feel that they are
personally responsible for the negative life events they
experience, whilst TD children might view these events as
being outside of their control. Our finding that cortisol levels
were not correlated with daily hassles contrasts with a study
of UHR youth in which a positive association was observed
between morning cortisol levels and the number of hassles
experienced during the past month (Thompson et al., 2007).
One possible explanation for the lack of association in our
study is that daily hassles were not always assessed on the day
of cortisol collection. For example, cortisol levels have been
found to be higher on days when individuals experience a
greater number of stressors compared to stress-free days
(Stawski et al., 2013).
The current study is the first to examine the relationship
between HPA axis function and neurocognitive performance
among individuals at elevated risk for psychosis. Moderate-
to-large impairments across a range of neurocognitive
domains have been observed consistently in patients with
first episode psychosis relative to healthy controls (Mesho-
lam-Gately et al., 2009), and prospective studies indicate
that some of these impairments are present in children who
go on to develop the disorder in later life (Dickson et al.,
2012). The current study suggests that the deficits in memory
and executive function that we have observed in ASz and FHx
children (Cullen et al., 2010; Dickson et al., 2014), and which
are also known to characterize UHR youth (Fusar-Poli et al.,
2012), are associated with greater abnormality of HPA axis
function. Specifically, a more blunted CAR was associated
with poorer verbal memory and letter fluency among FHx and
ASz children, respectively; moreover, in the FHx group only,
higher diurnal cortisol was correlated with poorer perfor-
mance on the number-letter subtest and towers test, and
lower verbal memory index scores. In contrast, HPA axis
function was not associated with neurocognitive perfor-
mance among TD children. These findings are consistent with
those of a recent study of patients with first episode psychosis
in which a more blunted CAR was associated with poorer
verbal memory and processing speed in patients but nothealthy controls (Aas et al., 2011). A study of patients with
chronic schizophrenia reported that higher diurnal cortisol
levels were correlated with poorer memory and executive
function (Walder et al., 2000). Further, a recent study
reported that elevated cortisol levels were associated with
reduced hippocampal volume among individuals with first
episode psychosis (Mondelli et al., 2010b). Thus, one expla-
nation for our findings is that stress-induced HPA axis function
may have a direct effect on neurocognitive performance
(i.e., via the effects of cortisol on the brain structures
supporting these functions). Alternatively, common neuro-
developmental mechanisms may influence both HPA axis
function and neurocognitive performance.
4.1. Limitations
The current study is limited by the relatively small partici-
pant groups. Whilst the number of children at elevated risk
for schizophrenia was sufficiently large for us to be able to
detect HPA axis abnormalities among those with a family
history of illness, our ability to detect significant effects in
the ASz group may be particularly limited in light of the fact
that the proportion of individuals in this group who will go on
to develop schizophrenia (i.e., true positives in whom HPA
axis abnormalities might be expected) may be low. Indeed,
given that ASz children are not currently seeking help for
their symptoms, the psychosis transition rate in this group
may be lower than is observed among UHR youth. However,
the non help-seeking nature of this group may be considered
a potential strength of the study, as it reduces the possibility
that any HPA axis abnormalities are merely due to distress
associated with emerging illness. The inclusion of children
with a second-degree relative with schizophrenia in the FHx
group is likely to have underestimated the effect of putative
genetic liability. However, this allowed us to investigate the
possibility that those with greater genetic liability would
show more pronounced HPA axis abnormalities. Indeed, post
hoc analyses confirmed that the magnitude of differences in
the CAR between FHx and TD children was twice as large
among those with a first-degree relative as in those with an
affected second-degree relative. The fact that the groups
were not matched on key demographic variables might also
be considered a potential limitation of the study. Compared
to the TD group, ASz and FHx children were more likely to be
of black or other ethnicity and tended to be from lower
socioeconomic backgrounds. However, this pattern is consis-
tent with the elevated rates of psychosis observed among
African-Caribbean and black African adults in the UK (Kirk-
bride et al., 2012) and with population-based studies showing
that low socioeconomic status in childhood is associated with
increased risk of psychosis (Wicks et al., 2005; Corcoran
et al., 2009). A large number of correlation analyses were
conducted with no corrections applied to reduce the risk of
type 1 errors, so it is possible that some of the significant
correlations observed may have arisen by chance. These
investigations are exploratory in nature, and must be inter-
preted with caution. A further limitation relates to the lapse
of time between salivary cortisol collection and neurocogni-
tive assessments; however, the groups did not differ in the
lapse of time between assessments and so this would not have
contributed to the different patterns of association observed
across the groups. Finally, we were not able to examine the
Cortisol, stress, and cognition in children at-risk for schizophrenia 11relationship between HPA axis function and more severe
forms of psychosocial stress such as childhood maltreatment,
which has been implicated in the development of psychosis
(Schafer and Fisher, 2011) and associated with a blunted
cortisol response to stress (Ouellet-Morin et al., 2011). Thus,
childhood maltreatment may have been able to explain the
blunted CAR observed among FHx children. This is especially
likely to be the case as individuals with a family history of
psychosis are at elevated risk for exposure to childhood
physical abuse (Fisher et al., 2014).
4.2. Conclusions
The current study adds to the growing body of evidence
suggesting that individuals on the trajectory to psychosis
are characterized by abnormal HPA axis function. Albeit
longitudinal studies are needed to further understand the
relevance of these abnormalities, these findings, and those of
aforementioned studies, support the targeting of the HPA
axis as a strategy for early intervention aiming to reduce the
risk of psychosis.
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